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 Introduction 
 Bonded retainers are extensively used after orthodontic 
treatment with fi xed appliances in order to maintain the 
achieved result by preventing secondary crowding of 
incisors after tooth alignment ( Keim  et al. , 2002 ;  Zachrisson 
and Büyükyilmaz, 2005 ). Despite the various forms of 
retainers, the most commonly used are the thick mandibular 
canine-to-canine (3-3) bonded retainer bar (0.030 or 0.032 
inch) and the thin 0.0215 inch, fl exible, spiral wire retainers 
( Littlewood  et al. , 2004 ,  2006 ;  Zachrisson and Büyükyilmaz, 
2005 ). These types of bonded retainers have been reported 
to have fairly high long-term (up to 15 years) success rates 
( Zachrisson, 1978 ,  1982 ,  1986 ,  1995 ,  1996 ;  Dahl and 
Zachrisson, 1991 ;  Bearn, 1995 ;  Årtun  et al. , 1997 ). Failure 
types reported in these studies were loosening (debonding) 
and wire breakage. For a thin fl exible spiral wire in the 
mandible, failure rates of less than 10 per cent have been 
reported, particularly with the fi ve-stranded Penta-One ® 
wire up to 2 – 3 years ( Årtun and Urbye, 1988 ;  Dahl and 
Zachrisson, 1991 ;  Bearn, 1995 ;  Årtun  et al. , 1997 ). 
However, given the importance of this phenomenon, 
relatively limited clinical research has been performed, with 
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 SUMMARY  The objectives of this study were to retrospectively evaluate the clinical survival rate of ﬂ exible, 
braided, rectangular bonded stainless steel lingual retainers, and to investigate the inﬂ uence of gender, 
age of the patient, and operator experience on survival after orthodontic treatment at the Department of 
Orthodontics, University of Groningen, between the years 2002 and 2006. 
 The study group comprised of 277 patients [162 females: median age 14.8 years, interquartile range 
(IQR) 13.6 – 16.5 years and 115 males: median age 15.3 years, IQR 14.2 – 16.7 years]. After acid etching 
the lingual surfaces of each tooth, an adhesive resin was applied and retainers were bonded using a 
ﬂ owable resin composite. Data concerning, failures, gender, age of the patient, and operator experience 
were retrieved from the patient ﬁ les that were updated by chart entries every 6 months or when failure 
was reported by the patient. The maximum follow-up period was 41.7 months. All 277 patients received 
ﬂ exible, braided, bonded mandibular canine-to-canine retainers. Eighteen failures were observed in the 
maxilla. A failure was recorded when there was debonding, fracture, or both, occurring in one arch. Only 
ﬁ rst failures were used for statistical analysis. When failures occurred in both jaws, these were considered 
as two separate incidences. 
 Ninety-nine debonding (35.7 per cent), two fractures (0.7 per cent), and four debonding and fracture 
(1.4 per cent) events were observed. No signiﬁ cant effect ( P > 0.05) of gender (females: 41 per cent, males: 
32 per cent) or patient age (<16 years: 37 per cent,  ≥ 16 years 38.7 per cent) was observed. The failure rate 
did not differ due to operator experience ( n  =  15; less experienced: 38.0 per cent; moderately experienced: 
28.9 per cent, professional: 46.7 per cent;  P  >  0.05; chi-square test). Kaplan – Meier survival curves showed 
a 63 per cent success rate for the bonded lingual retainers over a 41.7 month period. 
reported mandibular failure rates ranging from 5.9 to 53 per 
cent ( Dahl and Zachrisson, 1991 ;  Årtun  et al. , 1997 ;  Andrén 
 et al. , 1998 ;  Lumsden  et al. , 1999 ;  Störmann and Ehmer, 
2002) . Although this wire type is the one most often 
recommended, the range of failures shows high variation, 
indicating that successful treatment maintenance with such 
wires cannot be achieved in the long-term. 
 When these fl exible spiral wire retainers are placed 
meticulously, they have the advantage of allowing for safe 
retention of the treatment results. On the other hand, when 
correct retention is diffi cult or impossible to achieve with 
traditional removable appliances, fl exible spiral wire 
retainers are considered appropriate, and they are 
independent of patient cooperation. They also allow slight 
movement of all bonded teeth and segments of teeth; they 
are highly effi cient and, almost, invisible ( Segner and 
Heinrici, 2000 ;  Zachrisson and Büyükyilmaz, 2005 ). The 
disadvantages of fl exible spiral wire retainers are that they 
may be subject to mechanical stress and, if too thin, or not 
placed passively onto the enamel surface, they may result in 
undesirable tooth movement ( Årtun and Thylstrup, 1986 ; 
 Dahl and Zachrisson, 1991 ;  Årtun  et al. , 1997 ). 
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 Due to the limited number of clinical studies that have 
been conducted to date ( Årtun  et al. , 1997 ;  Lumsden  et al. , 
1999 ;  Zachrisson and Büyükyilmaz, 2005 ) and the large 
range in failure rates with twisted wires, an alternative 
fl exible, braided wire retainer (Quad Cat ® stainless steel, 
twisted wire, 0.022 × 0.016 inch, GAC International, 
Bohemia, New York, USA) is available for orthodontic 
treatment purposes. Unfortunately, limited clinical information 
is available concerning such braided wires ( Southard and 
Southard, 1990 ;  Zachrisson and Büyükyilmaz, 2005 ). 
 Therefore, the aims of this study were to analyse the 
survival rate of fl exible, braided, rectangular, bonded, 
lingual stainless steel wire retainers by means of a historic 
cohort study, and to investigate the infl uence of gender, 
patient age, and operator experience on survival. 
 Subjects and methods 
 Sample 
 Initially, patient fi les, without pre-selection were retrieved 
from the Department of Orthodontics, Groningen, The 
Netherlands by undertaking a search of the computer 
program (OrtWin ® 2.0, Netpoint, Kaatsheuvel, The 
Netherlands). All selected patients ( n = 277) satisfi ed the 
inclusion criteria of having fi nished their orthodontic 
treatment with fi xed appliances and having received a 
bonded retainer between December 2002 and May 2006. 
 One hundred and sixteen patients were treated with 
removable functional and fi xed appliances (combined 
treatment) and 161 only with fi xed appliances. All 277 
patients [162 females: median age 14.8 years, interquartile 
range (IQR) 13.6 – 16.5 years and 115 males: median age 
15.3 years, IQR 14.2 – 16.7 years] received a mandibular 
fl exible bonded retainer from canine to canine (3-3). It is 
not known which proportion of the total sample also 
received a bonded retainer in the maxilla at baseline. A 
modifi ed maxillary removable Hawley retainer was usually 
worn for a period of 1 year by some patients after completion 
of orthodontic treatment. 
 Application of retainers 
 The fl exible, braided, rectangular, stainless steel wire 
retainers (Quad Cat ® , 0.022 × 0.016 inch, GAC International) 
were initially prepared for the maxilla and mandible on 
plaster cast models by dental technicians (Ortholab Dental 
Technicians, Doorn, The Netherlands). Since such fl exible 
retainers need to be bonded to each tooth ( Zachrisson and 
Büyükyilmaz, 2005 ), the enamel was acid etched for 10 
seconds per tooth with 38 per cent H 3 PO 4 and rinsed 
thoroughly, before the bonding adhesive (Heliobond ® , 
Ivoclar Vivadent, Schaan, Liechtenstein) was applied and air 
thinned. All retainers were bonded using a fl owable resin 
composite (Tetric Flow ® , Cavifi ll 210 A3, Ivoclar Vivadent) 
and light polymerized for 20 seconds per tooth using a 
light-emitting diode polymerization device (Ortholux ™ , 3M 
Unitek, St Paul, Minnesota, USA) and placed by orthodontists 
( n = 1), postgraduate students ( n = 4), dental hygienists 
( n = 8), or dental assistants ( n = 2). Moisture control for the 
retainers were accomplished using cotton rolls and saliva 
ejectors. All subjects ( n = 277) received a mandibular bonded 
retainer. Due to the retrospective nature of this study, the 
exact number of bonded retainers placed in the maxilla was 
unknown. If failure of a bonded retainer in the maxilla was 
reported, the assumption was made that there must have been 
a bonded retainer in the maxilla as well as in the mandible. 
 Follow-up 
 The patient data included the information derived from 
chart entries of clinical examinations carried out every 6 
months, or when the patient reported a failure. The inclusion 
period for this retrospective cohort study was from 
December 2002 to May 2006, therefore the maximum 
follow-up period possible was 42 months.  
 Failure of a retainer occurs as a result of debonding, 
fracture, debonding and fracture, or retainer loss. Inform-
ation was unavailable on the site of failure e.g. single tooth 
bond failure, enamel/adhesive failure, or adhesive wire 
failure. In all cases where debonding was recorded, 
rebonding was undertaken. When fracture and/or retainer 
loss occurred, a new retainer was made (Bond-A-Braid ® , 
dead soft wire, Hilgers, Reliance Orthodontic Products Inc., 
Itasca, Illinois, USA) at the chairside and bonded to the 
enamel surfaces after cleaning the enamel of remnants of 
the adhesive and/or resin ( Birnie, 2007 ). 
 In total, 87 failures occurred in the mandible (1 fracture, 
82 debonding, and 4 debonding plus fractures). In the 
maxilla, 18 failures were observed (1 fracture and 17 
debonding). Due to the delegation strategy at the department 
(system of work), different operators working under the 
supervision of one experienced orthodontist were allowed 
to place the retainers. The experience of the operators 
placing the retainers was categorized as 0 – 5 years (least 
experienced), 6 – 10 years (moderately experienced), 11 – 15 
years (experienced), 16 – 20 years (most experienced), and 
21 years or more (very experienced). 
 Statistical analysis 
 Statistical analysis was performed using the Statistical 
Package for Social Sciences (version 12.0, SPSS Inc., 
Chicago, Illinois, USA). Descriptive statistics and Kaplan –
 Meier curves were calculated. In the Kaplan – Meier curves, 
the cumulative survival rate of the retainers was compared 
against the time interval between placement of the retainers 
and occurrence of the fi rst failure. Only fi rst failures were 
counted and no distinctions were made in failure location in 
case of debonding. A reported failure in the maxilla or in the 
mandible was counted as a separate incidence. In addition, 
multiple failure sites in one retainer were counted as one 
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failure. Furthermore, failure was considered when there 
was debonding, fracture, debonding and fracture, or retainer 
loss. A chi-square test was used in order to analyse the 
infl uence of gender, age of the groups, and experience of the 
operators on the survival rate.  P values less than 0.05 were 
considered to be statistically signifi cant. 
 Results 
 The maximum follow-up period was 41.7 months (median 
19.9 months, IQR 15.2 – 23.7, mean 19.1 months, SD 7.2). 
 Table 1 shows a summary of the demographic characteristics 
of the patient population and the effect of confounding 
factors on the survival rate. 
 Of the total number of treated patients, 66.1 per cent were 
younger than 16 years and 33.9 per cent were older than 16 
years; 58.5 per cent were female and 41.5 per cent were 
male. In total, 99 debonding (35.7 per cent), two fracture 
(0.7 per cent), and four debonding plus fracture (1.4 per 
cent) failures were observed. No signifi cant effect of gender 
[females: 41 per cent (confi dence interval, CI: 16.3 – 83.9), 
males: 32 per cent (CI: 24.8 – 41.8)], patient age [<16 years: 
37 per cent (CI: 30.3 – 44.0),  ≥ 16 years: 38.7 per cent (CI: 
29.4 – 48.9)], and operator experience (least experienced: 
38.5 per cent, moderately experienced: 28.9 per cent, very 
experienced: 46.7 per cent) on failure rate was found (chi-
square test;  P > 0.05;  Figure 1 ). 
 Kaplan – Meier survival curves showed a gradual decrease 
in failure rate, being highest at 6 months at 78 per cent. 
According to the plot, if the retainers survived the fi rst 2 
years, they usually continued to function well.  Figure 2 
shows that the cumulative survival rate for the bonded lingual 
retainers was 63 per cent. Exact data for the mandibular 
defi nition indicated a survival rate of 68.4 per cent. 
 Discussion 
 Total survival rate for the fl exible, lingual, braided bonded 
retainers was 63 per cent over an observation period of 41.7 
months. The survival rate decreased during this time, with 
the highest number of failures being observed within the 
fi rst 6 months after placement. This fi nding is in accordance 
with the results of  Årtun  et al. (1997) and  Segner and 
Heinrici (2000) . Although the retrospective design of the 
study contributed to the lack of data for the precise number 
of retainers placed in the maxilla, exact data concerning the 
failure rate for the mandible was found to be 31.6 per cent. 
These results are slightly lower than the fi ndings of  Andrén 
 et al. (1998) who reported a failure rate of 35 per cent for 
the mandible. On the other hand, they were higher than the 
18 per cent failure rate for the 0.0195 inch and lower than 
the 53 per cent failure rate for the 0.0215 inch retainer 
reported by  Störmann and Ehmer (2002) . 
 However, the failure rate found in this study was higher 
than the 27.2 per cent for the thin, fl exible spiral wires 
reported by  Årtun  et al. (1997) . Similarly,  Dahl and 
Zachrisson (1991) reported a failure rate of 10.3 per cent 
with the use of three-stranded spiral wire (Trifl ex or Wildcat) 
and 5.9 per cent with the fi ve-stranded spiral wire (Penta-
One). In their investigation, as in most previous studies 
( Zachrisson, 1982 ;  Dahl and Zachrisson, 1991 ;  Årtun  et al. , 
1997 ), the retainer wires were bonded with a chemically 
polymerized resin composite (Concise). 
 The failure rates recorded in the present investigation are 
less favourable than those published previously by  Dahl 
 Table 1  Summary of the demographic characteristics of the 
patient population and the effect of confounding factors on the 
failure rate of lingual bonded retainers. 
 Number of 
retainers placed
Failure (%) 95% confi dence 
interval 
 Gender 
  Females 162 41.4 34.1, 49.1 
  Males 115 33.3 25.3, 42.4 
 Age (years) * 
  <16 181 37.0 30.3, 44.3 
  ≥ 16 93 38.7 29.4, 48.9 
 Operator experience (years) † 
  0 – 5 200 38.5 32.0, 45.4 
  6 – 10  —  —  — 
  11 – 15  —  —  — 
  16 – 20 45 28.9 17.7, 43.4 
  ≥ 21 30 46.7 30.3, 63.9 
 * Data of three patients missing. 
 † Number of patients treated by operators ( n = 15). Note that data of two 





























 Figure 1  Cumulative survival rates of bonded lingual retainers for 
females ( n = 162) and males ( n = 115). 
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and Zachrisson (1991) and  Årtun  et al. (1997) . In both of 
those studies, all the retainers were bonded in private 
practice by one or two experienced operators, while in the 
present study the retainers were bonded by 15 different 
operators, with a great difference in experience. Similar to 
the study of  Segner and Heinrici (2000) where the retainers 
were bonded by 28 different operators, in the present study 
bonding was undertaken by multiple operators. This may 
account for the difference in failure rates. 
 The position in the present study of the wire on the lingual 
surfaces of the teeth, being either more cervical or more 
incisal, is unknown. According to Andrén  et al. (2001), a more 
incisal positioning of the retainer results in less fl exibility. 
 Some studies ( Dahl and Zachrisson, 1991 ;  Bearn, 1995 ; 
 Andrén  et al. , 1998 ;  Segner and Heinrici, 2000 ) reported 
higher failure rates for the maxilla compared with the 
mandible but this could not be verifi ed in this investigation 
due to missing data for the maxilla. The fracture rate in the 
present study was found to be 0.2 per cent, but the true 
fracture rate might be slightly higher than the fi gures 
calculated due to the incomplete data. 
 A noticeable fi nding of the present investigation was that 
the failures occurred mostly in the fi rst 6 months after the 
retainers were bonded. One explanation for this could be 
insuffi cient composite bond strength to enamel that is often 
technique sensitive. Factors such as a lack of moisture control 
or minute movements of the retainer wire during the setting 
process of the adhesive could impair ideal adhesion.  In vitro 
and  in vivo studies ( Ibe and Segner, 1995 ;  Hajrassie and 
Khier, 2007 ) have also concluded that a certain percentage of 
bonding sites may be unsatisfactory, although the mean bond 
strength may be initially suffi cient. The  in vitro fi ndings 
could be expected to apply even more strongly for  in vivo 
placements due to a less favourable working environment. 
Such sites with insuffi cient bond strength will manifest 
themselves in the fi rst week or months after bonding. 
 Other explanations for the early failures could be based 
on biological reasons.  Tuverson (1980) suggested that 
rotational relapse may be due to small contact points at the 
axial part of the bonded teeth which seem to be unstable. 
 Surbeck  et al. (1998) commented that the presence of more 
crowded and irregular dentitions prior to treatment may not 
necessarily be a sole indicator of greater risk for relapse after 
treatment. In addition, factors such as orthodontic expansion, 
incomplete tooth alignment, and interdental spacing might 
be responsible for post-treatment relapse leading to failure 
of bonded retainers. Unfortunately, in retrospective studies, 
such aspects cannot always be identifi ed. 
 Huang and Årtun (2001) found an association between a 
narrow intercanine width and relapse of the maxillary and 
mandibular incisors.  Fudalej and Årtun (2007) concluded that 
neither forward nor backward rotational growth patterns, at the 
time of appliance removal, are associated with increased risk 
of post-retention relapse. Particularly, in adolescent orthodontic 
patients, the type of post-treatment growth is diffi cult to 
predict. The sample in the present study consisted mostly of 
adolescent patients which could perhaps explain the high rate 
of failure. On the other hand,  Yoshida  et al. (1999) suggested 
that rapid remodelling of the periodontal ligament and the 
surrounding alveolar bones could be the main cause of tooth 
relapse. While different factors play a role in post-treatment 
relapse, it is most likely that the forces exceed the adhesive 
strength of the bonded retainers causing them to fail. 
 Successful clinical outcomes are often reported by 
experienced orthodontists ( Dahl and Zachrisson, 1991 ; 
 Årtun  et al. , 1997 ) especially in private practice settings. 
The experience of the operator is expected to be the most 
likely key factor infl uencing the failure rates. Higher 
failure rates could be expected when less experienced 
operators are involved. Interestingly, however, in the present 
study, neither different operators nor experience played a 
signifi cant role in failure rate. Due to the considerable 
design differences of the retainers placed by different 
operators, a high failure rate ranging from 28.9 to 46.7 
per cent between practitioners was observed. However, in 
clinical trials, particularly in dentistry, experience may not 
be always quantifi ed in years of practice. Also in this study, 
the number of retainers bonded by the experienced operators 
decreased with the increase in delegation. It is also diffi cult 
to distinguish the transition between the least experienced 
and the experienced. Nevertheless, the fi ndings of this 
research represent a more real-life clinical situation. 
 The results did not show signifi cant differences in failure 
rates between genders and age, in agreement with the fi ndings 
  
 Figure 2  Kaplan – Meier survival curve showing a 63 per cent success 
rate for the bonded lingual retainers over a 41.7 month period. 
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of  Lumsden  et al. (1999) where the mean age of the subjects 
was 15.5 years. The results related to age were, however, 
lower than those reported by  Dahl and Zachrisson (1991) 
where the mean age of the patient population was 31.2 years. 
It should, however, be noted that their sample size was only 17 
for the mandible, whereas for the present study the total sample 
was 277. A direct comparison is therefore not possible since 
the reason for failures could be related to the relapse response 
in the adults or simply to the low power of the study. 
 Although previous investigations ( Dahl and Zachrisson, 
1991 ;  Årtun  et al. , 1997 ;  Störmann and Ehmer, 2002 ) have 
shown a difference in failure rate when different types of 
retainers are used, no randomized controlled clinical trials 
have been performed to date. Future investigations should 
concentrate on this aspect. In the current study, moisture 
control was achieved using only saliva ejectors and cotton 
rolls. However, the survival rate of resin-bonded restorations 
has been reported to be higher when bonding procedures are 
performed under rubber dam isolation ( Audenino  et al. , 
2006 ). Prospective studies should also perhaps concentrate on 
other confounding factors such as effective moisture control, 
light intensity of the polymerization device ( Davidson and de 
Gee, 2000 ), and the composite and adhesive resin used. 
 Conclusions 
 The following conclusions can be drawn from this study: 
  
 1.  The success rate of the fl exible, braided, bonded lingual 
retainers was 63 per cent over 41.7 months. 
 2.  The survival rate for the mandible was 68.4 per cent. 
 3.  Most failures occurred during the fi rst 6 months. 
 4.  Gender and age of the patient and operator experience 
did not affect the failure rate. 
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